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In the 1870s, intensive microscopical work to analyse the dynamics of cell division produced a new entity for the cell: chromatin, so named by Walter Flemming because it readily took up histological dyes. The word means coloured substance. Thus it is a rather arbitrary word, more to do with the technique of visualization than a descriptor of the thing. Nonetheless, before the ascendance of the gene concept, the powers of heredity were ascribed to chromatin. As EB Wilson put it in 1900, chromatin 'seems to have the power to produce all the other elements' of the nucleus. 2 With the rise of the gene in the 20th century, chromosomes were seen as gene-carriers; with the identification of DNA as the hereditary material, the importance of 'chromatin as the physical basis of inheritance'-as it was frequently described in the first half of the 20th century-receded still further. 3 This conceptual separation between DNA as the locus of information and its transmission, and chromatin as a mere scaffold was as arbitrary as the initial naming of chromatin: after all, chromatin is, by definition, the complex of DNA and proteins constituting the contents of the nucleus (and one wonders today if the definition of chromatin should not include RNA Indeed, if the 20th century was the century of the gene, as historian Evelyn Fox Keller puts it, the 21st may well turn out to be the century of chromatin. 10 It is instructive, therefore, to return to the role of chromatin in this seminal theorization of epigenetic inheritance. Chromatin structure and conformation were proposed as the gene's phenotype, that which 'determines its functional state'. 1 Evidence was offered from studies with nuclease enzymes, which were useful because they could only cut the DNA strand if the enzyme could get at it, implying an open conformation of chromatin. More important than the experimental evidence brought to bear on the question of chromatin conformation is the rhetorical construction of chromatin as an impressionable physical material. It was pliable enough to take the imprint of an environmental or developmental event, but stable enough to then hold that imprint beyond the time of the initial event and forward into subsequent generations, such that the change became 'stimulus independent'. 1 What, exactly, was theorized as being transmitted across cell generations in chromatin, including the meiotic divisions that produced germ cells and therefore carried these changes into later generations? The newly emergent study of methylation, enabled by DNA-cutting enzymes and other chemical means of identifying methylated cytosine bases, provided evidence that patterns of DNA methylation were heritable over cell division during development and over generations of individuals. These patterns, however, disappeared in sperm DNA, seeming to indicate that it could not be the methylation per se that was copied. As Jablonka and Lamb put it, 'Although epigenetic information is not transmitted unaltered, some characteristics of its structure may be encoded in the chromatin of gametes'. 4 Or, following Silva and White, whose studies of intergenerational inheritance of allele-specific methylation patterns were cited, it is the 'blueprint' for methylation that is transmitted, although methylation itself is erased. 11 Later, Jablonka and Lamb elaborate: 'The chromatin variation is transmitted as a changed mark on the gene in the gametes'. 4 Thus it is suggested that characteristics of the structure of epigenetic information-not the information itself-are transmitted. A variation in chromatin manifests by 'marking' the gene with methylation in the subsequent generation in this model. Here we can understand more fully the importance of seeing chromatin as a plastic and deformable material-it had to transmit shape. This understanding of chromatin having shape was was derived from the open and closed states detected by nucleases, as well as cytogenetic visualizations of highly condensed X chromosomes. Here we might also notice a certain wavering between the informational language of DNA (blueprint, encoding), and more three-dimensional language: of behavioural imprinting, maternal effects and position effects, and of imprints left on genes by passing down through a male or a female generation.
Coding and imprinting are very different depictions of the temporal and spatial mode of transmission. Central to the imprinting model is the double assumption of material that can carry the shape of information faithfully from one generation to another, and yet also carry novel impressions of environmental events faithfully after they occur. These changes (being imprints) are biologically specific to environmental events, in contrast to the randomness of DNA sequence coding mutations, which bear no specific functional relation to their causes. It is no coincidence that the passage from François Jacob, called out so pointedly at the end of Jablonka and Lamb's article, centres around the word 'imprint'. No mechanism for imprinting environmental instructions on DNA exists, he says. DNA is implacable. Chromatin, Jablonka and Lamb counter, is impressionable. 4 What happened to this phrase, 'the gene's phenotype'? Though it might be a more functional description than the arbitrarily chosen 'chromatin', it didn't last, and it certainly didn't take off in the way 'epigenetics' has. Perhaps this is because the phrase did not mark out a conceptual space at enough distance from the conventional understanding of phenotype as the manifested body and behaviour of the organism, whereas epigenetics was defined from the outset as not affecting DNA sequence and thus seemed to merit its own space of play. In 1989, the gene was in the process of being disembodied, increasingly informaticized and formalized; it was very much swimming upstream to suggest that genes had physical embodiment and dynamic behaviours. No longer. Biologists are still struggling with a certain vagueness about the role of chromatin in inheritance, and exactly what the mechanisms are by which environmental events leave lasting impressions via chromatin. But there is no doubt that the topological, spatial, temporal dynamism of chromatin is now at the centre of epigenetic research and theory.
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